E rdhEim-Chester disease (ECD) is a rare, sporadic non-Langerhans histiocytosis with unknown etiology. It typically affects middle-aged patients and has a significant male predominance. 3, 5, 8, 14, 17, 18, 23, 27, 28, 32 Only 8 pediatric cases have ever been reported. 17, 20, 29 This disease is known to involve multiple organ systems, including the skeletal, cutaneous, cardiovascular, respiratory, urinary, and central nervous systems. Neurological involvement has been reported in up to 50% of patients. 14, 17, 20 Involvement of the neuraxis occurs in both intraaxial and extraaxial compartments.
In this article we describe a novel presentation of ECD in a child and review the most recently published literature about neurological involvement in this rare condition.
case report

History and Examination
A 14-year-old boy was evaluated for hypesthesia and dysesthesia of the first and third branches of the right trigeminal nerve and diplopia on looking left and up. Two years earlier, he had trigeminal neuralgia and diplopia for 1 week that resolved after medical therapy. Brain CT scanning with bone windows revealed scalloping of the right petrous apex due to an expansive mass of the right Meckel's cave and relative widening of the right foramen ovale ( Fig. 1A and B) . Contrast-enhanced brain MRI showed a homogeneously Gd-enhancing mass in the right cavernous sinus and Meckel's cave, extending to the posterior fossa through an enlarged trigeminal porus and extending to the infratemporal fossa through the foramen ovale ( Fig. 1C and D).
Operation
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agnosis of trigeminal schwannoma. Using a 3D neuronavigation system and continuous neurophysiological monitoring, we performed a linear skin incision and temporal craniotomy on the right side. The temporal lobe was extradurally retracted, and the middle fossa floor was drilled flush with Meckel's cave and the foramen ovale. The lateral wall of the foramen ovale was drilled away, and the dural sleeve of the gasserian ganglion and mandibular nerve was opened. The lesion had no distinct capsule and was diffusely infiltrating the mandibular nerve fibers (Fig.  2 ). Intraoperative frozen section revealed an inflammatory histiocytic lesion, so microsurgical subtotal decompression of the lesion was performed with preservation of the unaffected trigeminal nerve fibers. The dural opening was closed, and the subtemporal cavity was packed with Gelfoam.
Histopathological Findings
The histopathological evaluation (Fig. 3 ) revealed a peripheral nerve that was nearly completely destroyed by an inflammatory reaction with focal fibrosis. The infiltrating cells predominately consisted of histiocytes with a foamy cytoplasm. The histiocytes demonstrated large vesicular nuclei and occasionally prominent nucleoli. Furthermore, a strong lymphocytic component was seen. Only very rarely did eosinophilic granulocytes appear, and no signs of emperipolesis were observed. On immunohistochemical analysis, the histiocytes were positive for CD68. Only a few cells expressed S100. Not a single cell was found to be positive for CD1a. The majority of lymphocytes expressed the T-cell marker CD3, and only a minor fraction expressed the B-cell marker CD20.
Postoperative Course
The patient's postoperative course was uneventful except for increased hypesthesia in the area of the mandibular branch of the right trigeminal nerve. He was referred to a pediatric oncologist for evaluation of the systemic involvements, and he received adjuvant chemotherapy. He had typical skeletal involvements (as stated below), but there was no cardiovascular or internal organ involvement. He has received cytotoxic and corticosteroid therapy and has been under the care of a pediatric oncologist for 8 years now. discussion Erdheim-Chester disease was first described as "lipoid granulomatose" by Jakob Erdheim and William Chester in 1930. 12 Since then, 500-550 cases have been reported up until May 2014.
14 Most described patients have been between 40 and 70 years old, and a large series of 53 patients had a mean age of 55 years. 14, 17, 18 Almost all studies have reported a strong male predominance, which also occurs in the above-mentioned series (75%). 18 By 2014, only 8 pediatric cases were reported in the medical literature. 17, 20, 29 For a long time, it remained unclear whether ECD was the histological manifestation of some kind of abnormal immune response or whether it was a neoplastic lesion. 31 The recent discovery of BRAF V600E mutations only in the histiocytic cell component in approximately 50% of analyzed cases now clearly indicates that ECD is indeed a mutation-driven clonal neoplastic lesion and not a lesion due to aberrant immunological stimulation. 19 
histopathological Findings
The definitive diagnosis of ECD is based on typical histopathological findings in an appropriate clinical and radiological context. 14, 27 The most frequent biopsy sites are sclerotic bone lesions and retro-orbital masses. 27 The typical pattern is a polymorphic granuloma composed of lipid-laden (foamy or spumous) histiocytes and fibrosis or xanthogranulomatosis. [16] [17] [18] 30 The characteristic multinucleated Touton-type giant cells are often present. On immunohistochemical staining, the histiocytes are uniformly positive for CD68, negative for CD1a, and only rarely positive for S100 (negative for S100 in 80% of cases). 14, 18, 27, 32 The Langerhans cells seen in Langerhans cell histiocytosis (LCH) are differentiated from those seen in ECD by their immunohistochemical features: they are positive for CD1a and S100. 14, 32 Rosai-Dorfman disease (RDD) is another type of non-Langerhans histiocytosis which may also involve the CNS. The lesions of RDD consist of histiocytic proliferation exhibiting emperipolesis coupled with characteristic cytoplasmic staining against S100 protein. 
radiological Findings
In addition to the histological features, the appearance of symmetric diaphyseal and metaphyseal sclerotic lesions of the legs is a nearly universal feature on radiography, with increased labeling on 99 Tc bone scanning. 1, 3, 5, 8, 11, 14, [16] [17] [18] [19] [20] 23, [27] [28] [29] [30] [31] [32] Erdheim-Chester disease is a multisystemic disease and can involve almost any organ system. Patients with ECD frequently have CNS involvement as an extraskeletal manifestation. The frequency of CNS involvement in ECD varies from 25% to 50% of cases.
11,14
Based on MRI findings, two patterns of abnormality have been described 8, 17 : 1) a meningeal pattern that appears as meningioma-like mass lesions or nodular thickening of the dura mater, and 2) the more common infiltrative pattern that characteristically demonstrates hyperintense areas on T2-weighted and FLAIR sequences, with enhancing lesions frequently involving the cerebellum, brainstem, and periventricular white matter. 8, 23 Spotted areas of intense enhancement after Gd injection are usually present. 8, 27, 32 A characteristic MRI feature is the prolonged retention of Gd by the lesions even after several days. 22, 24, 27, 32 Hypothalamus-pituitary axis involvement may be seen as a single micronodular or nodular infundibular stalk mass or as thickening of the pituitary stalk. 21, 28 A sellar mass with extension to the cavernous sinus has been reported much less commonly.
Retro-orbital soft tissue infiltration and exophthalmos is seen in 25% of the patients. 14 Spinal intradural and extradural masses have also been reported in ECD.
2,4,10
Infiltrative CNS lesions in LCH and ECD are similar in distribution and appearance, except for 3 features: the meningeal lesions of ECD are more expansive and voluminous, the spinal cord is spared in LCH, and a degenerative atrophic process of the posterior fossa is occasionally described for LCH but never for ECD.
clinical symptoms
The disease produces protean clinical manifestations as a result of the involvement of multiple organ systems. It can vary from asymptomatic or minimally symptomatic bone lesions to a severe multisystem disease that significantly shortens the patient lifespan.
32 Although neurological symptoms have been described as the first clinical manifestation of ECD in less than one-third of cases, the disease is not diagnosed in most patients until the onset of such symptoms. 8, 17 The precise incidence of neurological involvement remains unclear as there is a bias toward reporting cases with unusual manifestations. 32 Extraaxial lesions present with focal symptoms due to local compression or with cognition and gait deterioration when the lesions are diffuse and bulky.
14 Parenchymal infiltrations are responsible for severe functional handicaps in almost all patients. 14, 17 The most common neurological manifestations of ECD are diabetes insipidus and cerebellar and brainstem syndromes. 3, 14, 17, 18, 27 Cerebellar symptoms are often attributable to involvement of the dentate and peridentate regions and the superior cerebellar peduncle and include ataxia, nystagmus, and gait disturbance. 15, 27 Other less common neurological features described include seizures, headaches, neuropsychiatric manifestations, sensory disturbances, cranial nerve paresis, and asymptomatic lesions. 19 In a review of 33 patients with ECD, only 3 had normal brain imaging and most had lesions at 2 or more anatomical sites. 15 The systematic use of MRI has been recommended to investigate the brain in all, even asymptomatic, patients with ECD. 18 
differential diagnosis
In the absence of typical extracranial clinical manifestations, the diagnosis of ECD is one of exclusion. Other histiocytic disorders that should be considered in the differential diagnosis are neurosarcoidosis, LCH, and RDD. Although many clinical clues can help to distinguish these conditions from ECD, definite differentiation is only possible via histopathological examination.
Juvenile xanthogranuloma (JXG) can cause similar intracranial lesions that are histopathologically identical to those in ECD. 14, 27 Given the clinically and histopathologically similar skeletal and retroperitoneal lesions in these two conditions, it has been suggested that ECD is a variant of JXG with predominantly noncutaneous involvement. 9, 14 Nevertheless, JXG is less commonly a multisystem disease than ECD.
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Other important differential diagnoses of intracranial ECD include demyelinating diseases, in particular multiple sclerosis; 27, 32 granulomatous infectious diseases such as tuberculosis, toxoplasmosis, and fungal infections; central pontine myelinolysis; and posterior reversible encephalopathy syndrome.
treatment
Currently, there are no universally accepted treatments for ECD. In general, initiation of therapy, rather than observation, is recommended for all symptomatic patients. A detailed discussion of the different therapeutic options is beyond the scope of this article. Briefly, however, the treatments described for ECD include corticosteroids, chemotherapy, radiotherapy, and immunotherapy. Radiotherapy for ECD usually yields no response or, at best, short-term palliation with disease progression within months. 25, 26 The reported adjuvant therapies for intracranial histiocytic disorders have led to only temporary relief of symptoms in ECD. 3 In 2005, it was shown that interferon-a2a is the best initial treatment for ECD. 14, 18 In 2010, an activating mutation of the proto-oncogene BRAF was shown to be involved in the pathogenesis of ECD.
7 Treatment with inhibitors of BRAF activation has shown promising results as an alternative to interferon therapy for ECD patients carrying such a mutation. 14, 18 A paucity of pediatric cases of ECD means that evidence regarding treatment is limited to case reports. 14 The role of surgical debulking in ECD is limited to severe orbital lesions or surgically resectable intracranial lesions.
14
Prognosis and surveillance
The biological behavior of systemic ECD is variable. 13, 27 The extent and distribution of the disease determine the clinical course. 18 The presence of widespread systemic disease appears to be an ominous prognostic feature. 3, 27 A multicenter survival analysis of 53 patients with CNS involvement by ECD revealed that such involvement was the sole independent clinical predictor of a fatal outcome. 5 Fluorodeoxyglucose positron emission tomography scanning allows detection of CNS involvement and reveals early responses of CNS lesions to therapy. 6 The performance of such imaging studies every 3-6 months is suggested for all patients following initiation of treatment.
14 According to our review of the literature, this case is the 9th instance of ECD in children and the first instance of ECD presenting as a mass in Meckel's cave and the cavernous sinus with extracranial extension through the foramen ovale. Erdheim-Chester disease can mimic many types of parenchymal and skull base tumors and should be considered in the differential diagnosis of frozen section analysis for any skull base lesion containing multinucleated giant cells.
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